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Abstract: Electromagnetics education constitutes core knowledge in electrical and/or electronics 
(EE) engineering courses across the globe. Although there exists a global general consensus 
pertaining to the content of elementary electromagnetics, the methods of delivery differ from 
institution to institution. The current approaches to teaching elementary electromagnetics at the 
undergraduate level range from assessing students’ performance purely from examinations, such 
as mid-term tests and a final exam, to evaluating students’ understanding by incorporating 
assignment questions and coursework. In this paper, the module H63FWA Fields Waves and 
Antennas, which is being taught at The University of Nottingham, is taken as an example where 
coursework that contains a research element is introduced into a previously 100% exam-based 
module. 
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e Electromagnetics education constitutes core 
knowledge in electrical and/or electronics (EE) 
engineering courses across the globe. 


¢ A global general consensus exists pertaining to 
the content of elementary electromagnetics, 
but the method of delivery differs from 
institution to institution. 
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REQUIRED EM WEAKLY REQUIRED | ELECTIVES 
COURSES EM COURSES 


SEU, CHINA 1 


UESTC, CHINA 1 big course (>50 hrs) 


BIT, CHINA 1 

UIUC, USA 1 (Waves & Fields I) 
NTU, Taiwan 2 

NUS, SPORE 1 

NTU, SPORE 1 

NIHON, JAPAN 2 (Electric, Magnetic) 


1 (3 out of 5) (Waves & 
Fields II) 


Several (optics, EM) 


4 (microwave, 
antenna, EMC, CEM) 


many 
NA 


4 (optics, MIC, 
Antennas, RF) 


4 (EMW, RF, MIC, 
Antennas) 


2 (Micro. Engg) 


1 (Microwave RF 
Engineering) 

2 (Intro EM Wave, EM 
Wave) 


Table taken from [W. C. Chew, L. J. Jiang, W. X. Zhang, X. Q. Sheng, and J. Pan, “Comparing electromagnetics education in China, Hong 
Kong, and USA,” presented at the Progress in Electromagnetics Research Symposium, August 12-15, 2013, Stockholm, Sweden.] 
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¢ H63FWA Fields Waves and Antennas is taken as 


an example. 


- A third year module offered as a core module for EE students 
enrolled in the MEng honours programme. 


- An elective module for EE students enrolled in the BEng honours 


programme. 


e Current approaches to teaching EM:- 


— Assessing students’ performance purely from 
examination (e.g. mid-term tests, final exam). 


— Evaluating students’ understanding by incorporating 
assignment questions and coursework. 
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¢ H63FWA introduces students to the 
importance of electromagnetics in a variety of 
applications and covers analytic methods for 
calculating electromagnetic fields, Maxwell’s 
equations, plane electromagnetic wave 
propagation, and an introduction to antennas. 


e It has four Learning Outcomes (LOs). 
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Develop skills in translating 
observations to a mathematical 
model capable of predictive work; 
appreciate the relevance of vector 
calculus and numerical analysis when 
tackling problems in EM. 





Demonstrate an intermediate 
understanding of EM theory based 
on Maxwell’s equations, including 
EM waves and an understanding of 
the basic concepts of antennas. 


Provide basie definitions and solve Provide basic definitions and solve 


problems related to antennas. 


problems related to wave 
propagation. 
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* The 2014/2015 Autumn Semester was the first 
time assessed coursework was introduced. 


e The module structure and taught lecture 
content is identical across the two campuses 
and all formal quality assurance, reporting and 
monitoring procedures are shared. 


e The coursework element differs to reflect the 
local research interests and experience of the 
lecturers delivering the module. 
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e At the Malaysia Campus:- 
— Students worked on solving radio wave 
propagation in a confined space of simple 
geometry. 


¢ At the UK Campus:- 

— Students worked on the study of an electrostatic 
potential problem (solution of Laplace’s equation 
in two-dimensions subject to boundary 
conditions), comparing the accuracy of numerical 
finite difference solutions with analytic ones. 
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e At the Malaysia Campus:- 
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1. Determine the location for transmitter and receiver 
Transmitter: 0, 4, 2 
Receiver: 10, 3, 2 


2. To find Direct ray . first we need to find the distance between transmitter and receiver 
Distance,d = , (Rx — Tx)? + (Ry — Ty)? + (Rz — Tz)? 


J/@0— 0)? + (3—4)2 + (2—2)2= 10.04 


3. Determine direct ray 
= <e Jer - Direct ray (line of sight) 
P = 20log|E| - Direct Ray alone 


where r is referred to Distance 
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¢ At the UK Campus:- 


— The coursework provides an introduction to the 
process of predicting and visualizing electrostatic 
potential and electric field distributions. 

— It is concerned with the electrostatic potential 
obtained as a solution of Laplace’s Equation, 
studied in its two dimensional form, subject to 
certain boundary conditions. 


— Solution technique: Finite Difference Method. 


7/28/2015 


Global need 
Top 100 f 


Nottingham 
University Manan ere iemer en ec 





Figure: Five-point stencil for 
Finite Difference analysis 
centred on the point (J, K). 








41K —2P)% + Pp Oj x+1— 207K + Pp K-1\ 0 
h2 e h2 ` 





1 
Hence, jy © [Oji + Djar t reri + Pza] 
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¢ Several investigations:- 


— Explore how the finite difference solution at a 
given point in space converges with a decrease in 
the problem mesh size (finer discretization). 

— Examine how the required computational 
resources increase with the number of problem 
mesh points. 

— Make comparison with the analytic solution to 
enable rounding errors to be explored. 
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e Outline: 


— Learning Outcomes Attainment 
e Malaysia Campus 
e UK Campus 
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e The 2014/2015 Autumn Semester:- 
— 58 students (Malaysia) 
— 57 students (UK) 


¢ At the Malaysia Campus:- 
— Average marks for final exam: 60% 
— Average marks for coursework: 82% 
— Final exam marks spread across 36% to 81% 


¢ At the UK Campus:- 
— Average marks for final exam: 64% 
— Average marks for coursework: 78% 
— Final exam marks spread across 22% to 95% 
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Distribution of Marks (UNMC) 
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20 30 40 50 60 70 80 90 100 
Marks (%) 


The distribution of marks (exam plus coursework) for H63FWA at the 
Malaysia Campus. 


Global 
Top 100 
University 


Probability Distribution 


PEL ELE 


' | Nottingham 


i 


UNITED KINGDOM - CHINA vie 





Distribution of Marks (UNUK) 














6 18 30 42 54 66 78 90 
Marks (%) 
The distribution of marks (exam plus coursework) for H63FWA at the UK 


Campus. 
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LO Attainment (UNMC) 
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LO attainment (%) 











e The LO attainment for H63FWA at the Malaysia Campus. 
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Failure of LOs (<40%) 





% of Students who Failed LOs 
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LO 


e Failure of LOs at the Malaysia Campus. 
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Develop skills in translating 
observations to a mathematical 
model capable of predictive work; 
appreciate the relevance of vector 
calculus and numerical analysis when 
tackling problems in EM. 





Demonstrate an intermediate 
understanding of EM theory based 
on Maxwell’s equations, including 
EM waves and an understanding of 
the basic concepts of antennas. 


Provide basic definitions and solve 
problems related to wave 
propagation. 


Provide basic definitions and solve 
problems related to antennas. 
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e The method of assessment for H63FWA has for 
many years involved a two-hour final exam at the 
end of the semester (100% exam-based 
assessment). 

e In an effort to modernize the teaching of 
electromagnetics, a 10% assessed coursework 
has been newly introduced. 


e A satisfactory attainment of module learning 
outcomes was achieved in the Autumn semester. 
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e Electromagnetics education is more than 
memorizing a set of formulas or familiarizing 
oneself with certain techniques to solve 
problems that are likely to be tested in the 
final exam. 

e In the assessed coursework, students get to 
attempt solving real-world problems using 
knowledge gained from electromagnetics. 
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